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Chapter I: Introduction
My graduate research mainly focuses on Breckenridge Shelter (3CR002), Carroll County,
Arkansas (see Figure 1). As a geoarchaeologist, my concerns are the geomorphological and
geological processes affecting the shelter and surrounding hill slope. Breckenridge is one of
several similar Pine Hollow bluff shelters about Beaver Lake, an impoundment of the White
River, in northwest Arkansas. Two others nearby are Walden Shelter (3CR007) about 1km west
northwest and The Roll Off Bluffs (3CR009) some 400 m to the west southwest of Breckenridge
Shelter. Breckenridge Shelter stands out because of its large size, high hill slope topographic
position, and long research history. Investigations began in the early 20th century and mid-20th
century excavations ultimately reached bedrock. While not of uniform depth, the shelter’s
deposits of 3 m thickness are noteworthy for being unusually deep for Ozark Highland bluff
shelters and for being on a high bluff line, well above any conceivable White River flood.
Although not radiocarbon dated, the multilayered sediments and stratigraphically sealed
Breckenridge artifacts begin in the late glacial, or Pleistocene epoch, and span much of the
Holocene (Thomas 1969; Wood 2001; Wyckoff 1985). The central question of this thesis is,
how did Breckenridge’s deposits form?
Breckenridge Shelter has a long history of archaeological excavation and as a source of
cultural information. M. R. Harrington of the Museum of the American Indian, Heye Foundation
first investigated the shelter in 1922. Harrington published one short article from this work in
1924 and, in 1960, a full monograph of work in the region. C. Dellinger, curator of the
University of Arkansas Museum, excavated there in 1932. The site was not visited again until
excavations by James Schultz, W. Raymond Wood and Ronald A. Thomas between 1960 and
1962 (Thomas1969:2). Wood’s Breckenridge study was published initially in 1963 by Arkansas
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Archaeologist and then republished in 2001. Thomas developed his unpublished master’s thesis
from Wood’s 1961 research and his own work the following year. My thesis research and, in
2012, a subsequent re-excavation of three of Wood’s and Thomas’ test units were by formal
permit of the U.S. Army Corps of Engineers, Little Rock District. The re-excavation was codirected by Marvin Kay, Department of Anthropology, University of Arkansas, and Thomas A.
Green, Director, Arkansas Archeological Survey, and ably carried out by Arkansas
Archeological Survey personnel. My thesis research was under the direction of Marvin Kay and
utilized data developed, in part, by Mike Evans and Jerry Hilliard of the Arkansas Archeological
Survey.
In the course of this project I visited Breckenridge Shelter twice with Chad Armstrong, a
fellow graduate student, and an Arkansas Archeological Survey team of archaeologists and a
third time accompanied only by Chad Armstrong. The two visits with the Arkansas
Archeological Survey team focused entirely on mapping and imaging inside the shelter and the
immediate surrounding hill slope. Mapping and modeling of the site used a standard Topcon
GTS-239W Electronic Total Station, a Topcon IS Series Imaging Station, and interpretation of
available topographic maps. In mapping, we attempted to relocate previous excavations and
include them in the three-dimensional model. When Chad and I returned, we surveyed and
photographed the surrounding hill slope to better understand processes responsible for shelter
development and deposition and erosion of shelter sediment.
Last, to better understand processes acting on the shelter and its surrounding landscape I
oversaw shovel testing of the hill slope above and below the shelter. Two crews of student
volunteers excavated the shovel tests and dry-sifted the fill through 0.25-inch shaker screens.
Possibly culturally significant materials were collected for study and discussion at a later date;
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these are inventoried in Appendix A. A third crew took photographs, measurements, and soil
samples while fellow graduate student Anna Weiser and I made detailed descriptions of the
subsurface profiles.
Put simply, the thesis research does two essential things. First, it recreates from aerial
photographs and topographic maps a significant portion of the White River landscape about
Breckenridge Shelter prior to impoundment of Beaver Lake. Second, it assesses overall hill
slope formation processes and the expected range of sediments that would either enter the shelter
or be flushed from it.
My goals were achieved through a precise and accurate mapping of the shelter itself and
the immediate surrounding region. The structure of the site and its surrounding hill slope have
been interpreted through the Nine-Unit Slope Model (Dalrymple et al. 1968), fine scale threedimensional mapping, GIS based digital elevation modeling, and mechanical analysis of
sediment from the hill slope above and below Breckenridge Shelter.
Geological Background and Setting
The geologic history of this region, as described by Willard (1960:1-2), began in the early
Ordovician of about 400 million years ago, when northwest Arkansas was covered by a warm
shallow sea. Deposits of calcium carbonate mud and lesser amounts of quartz sands became
bedrock of the Cotter, Powell, and Everton formations. Subsequent erosion is attributed to either
geologic uplift, bringing the region above sea level, or possibly sub-marine currents. Then other
depositional episodes occurred during the Middle Devonian (Chattanooga Shale), the
Mississippian and Pennsylvanian periods (limestones and cherts). Many of the region’s bluff
shelters are carved from these Paleozoic limestone, sandstone and shale (see Figure 2).
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“Beaver Reservoir is a 73 mile long dendritic manmade reservoir, which covers 31,700
acres in three counties: Washington, Benton, and Carroll, in northwest Arkansas” (Ashworth
1982:1). Construction of the dam began in 1960 and was completed in 1963 (Ashworth 1982:2).
The reservoir is the uppermost of several federal impoundments of the White River; downstream
impoundments are either on the Arkansas-Missouri border or within Missouri.
The region is situated generally within the Cfa-Humid Subtropical classification of the
Koppen System. This classification is somewhat misleading, as the region can best be described
as a transitional zone between the continental climate to the north, and the temperate subtropical
climate to the south (Sabo et. al. 1990:5). It is characterized by variable but generally warm to
hot summers and cool dry winters. Normal annual precipitation, generally in the form of rain,
varies between 40 inches [101.6 cm] and 52 inches [132.08 cm] per year.
The current vegetation and fauna of the region is predominantly that of a deciduous forest
habitat, heavily wooded with oak, patches of evergreens, and scrub brush. Animals associated
with the region include black bear, deer, bobcat, gray squirrel, raccoon, woodchuck, gray fox,
and numerous other small mammals (Thomas 1969:15). This abundance has persisted through
the recent history of the region, providing readily available natural resources and raw materials
for the native population.
The prehistoric occupants of Breckenridge Shelter utilized most of the raw materials
available in their Ozark Plateau environment (Thomas 1969: 30). Both the vegetative and faunal
archaeological evidence indicate that the climate at Breckenridge has changed only slightly since
occupation occurred. Breckenridge’s artifacts, as reviewed by Thomas (1969), and other similar
sites in the region indicate that its occupants were active in hunting, agriculture, the gathering of
natural products, and fishing – listed here in the order of their apparent importance. The
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occupant’s favorite meats, as evidenced by food-animal remains, were venison and turkey,
although bear, elk, bison, and smaller creatures, including turtles, were sometimes taken
(Harrington 1960: 147-148). Many of these animals are still common in the region, including
deer and turtles, as well as other smaller animals whose remains are found at the site. The larger
animals, such as bear, elk, and bison, are no longer commonly found.
Breckenridge Shelter
Breckenridge Shelter’s name comes from its location within the former boundaries of
Breckenridge Ranch (Harrington 1960:9). The shelter overlooks the White River valley from a
south-facing bluff about 75 m above the former river channel and above the possibility of river
flooding. The shelter appears to have been only infrequently visited since the early 1960s and is
still largely intact.
Breckenridge Shelter is located along a steep south-facing hill slope within Pine Hollow,
a cove of the White River in Carroll County, Arkansas. The overhang, and shelter ceiling, is
limestone of the St. Joe member of the Boone Formation, according to Robert W. Willard
(1960:2). The lower strata of this member, ranging from the lower five feet to the lower fifteen
feet [1.5 to 4.5 meters], is comprised of easily weathered iron-bearing (ferruginous) limestone
which undercuts the pure limestone above. Over the years the accepted nomenclature for these
geological features has been debated. In May 2012 while visiting the site, Jack Ray, an authority
on Ozarks bedrock history and cherts (see Ray 2007), identified the shelter as within the Pierson
Member of the St. Joseph Formation and found Pierson chert nodules in the shelter overhang.
Ray’s assessment is in keeping with the currently accepted nomenclature for the St. Joseph
Limestone as its own formation rather than as a member of the Boone Formation (personal
communication Margaret Guccione, September 2012). Ray was confident the underlying shale
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is the Chattanooga. The Chattanooga Shale Formation, though not resistant, is impervious to the
downward movement of moisture and forms the floor of the shelter (Willard 1960:4).
Nevertheless, as shale, the Chattanooga Formation is easily eroded, and shale erosion is essential
to rockshelter creation, as clearly noted in Wood’s excavation field notes from 1961. Indeed,
Breckenridge became a shelter as less resistant shale was eroded beneath a more resistant
limestone. Breckenridge formed in limestone similar to sandstone in its friability. Were it not
for the limestone, Breckenridge would be a textbook example of the general model of rockshelter
formation developed by Donahue and Adovasio (1990).
Harrington (1960:10) states that “[t]he Breckenridge rock shelter is the largest of a long
series appearing in the Eureka Ledge at this point, and seems to have attracted most of the
ancient people in the vicinity, for the other shelters here show little, if any, sign of occupation.”
Its overhang is approximately 35 m. above the average level of the reservoir and approximately
75 m. above the original level of the White River. The shelter itself has a shallow U-shaped
floor and extends about 50 meters along the ledge, terminating some 125 meters west of the
ravine head (Thomas 1969:17). Its width ranges between 1 and 10 meters. Wood’s excavation
revealed a maximum depth of deposits of approximately 3 meters.
According to Rafferty (2001), temperatures within the Ozarks vary dramatically with
slope orientation, natural surface materials, relief, and presence of water. South-facing and westfacing slopes are more prone to temperature variation and surface moisture evaporation as they
receive a greater amount of sunlight than slopes facing north or east (Rafferty, 2001: 28).
Rafferty’s observations have relevance for Breckenridge Shelter, whose large size and generally
south-facing direction make it an excellent location for habitation during cold periods or adverse
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weather. Its south orientation provides protection from harsh winter weather, and provides for
the most available use of sunlight.
Deposits from Breckenridge Shelter are also divided vertically into essentially “dry,”
organic-rich sediments and lower, “wet” sediments with a much larger mineral component. The
former were the object of much, if not all, of Harrington’s and Dellinger’s investigations; the
latter the work of Schultz, Wood, and Thomas.
Wood’s 1961 excavations provide sediment descriptions and a cultural sequence for
Breckenridge Shelter. Shelter deposits that rest on its shale floor consist of equal quantities of
rock, unconsolidated sediment, and also occasional large rock fall from the ceiling of the shelter.
The black, moist, and variable material changes to a dry, soft, buff-colored fill toward the back
of the shelter (Wood 2001: 58). These shelter deposits must have accumulated through the
constant “rain” of limestone particles and blocks from the shelter roof, probably
penecontemporaneously, with an influx of wind-blown deposits (Wood 2001: 58). From
observations of excavation units 13 and 15, Wood delineated three strata enumerated from the
surface to the base (see Figure 3), as follows:
“Stratum A. Dry, loose soil, dark grey in color, changing into black moist soil
toward the drip line. There is abundant small fall rock, and heavy concentrations
of plant roots.
Stratum B. Moist, dark, compact sticky soil containing a large volume of
deteriorated limestone cobbles and pebbles.
Stratum C. Moist, dark, compact sticky soil, dark grey in color near the top,
becoming more yellow with clay near bedrock. Abundant small fall rock, with
increasing clay content near bedrock” (Wood 2001: 58).
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Wood states that there is little variation in the composition of the deposits from its
bedrock floor to the surface with the exception of one layer of decomposed limestone rock fall
that makes up most of Stratum B. Even this layer contained artifacts throughout (Wood
2001:67). His cultural sequence at Breckenridge starts just above the lowest extent of the shale
bedrock floor. Wood argues for continuous occupation of the site beginning within a few
hundred years of sediment buildup: “There were no sterile levels in the floor deposits and there
is, therefore, no clear separation between any of the remains left by the several different groups
which inhabited the shelter” (Wood 2001:67).
Wood’s cultural sequence is summarized as follows:
“The deepest level in Pit 13 (280-300 cm) was sterile…” (Wood 2001:67). The earliest
cultural remains are identified by an Agate Basin point [now classified as Packard by Wyckoff
(1985)] found at a depth of 250 cm below surface. This point was found in association with a
bifacially flaked knife tip. The two were separated from the next concentration of cultural
materials by a deposit 40 cm in thickness containing significantly less cultural material (Wood
2001: 67). Wood (2001: 67) estimated that this material dated ca. 7400 B.C.
The next highest layer contains a concentration of ground and chipped stone artifacts
from pits 12, 13, and 15 at a depth of 140-220 cm containing nine projectiles identified as Dalton
(Wood 2001: 67). This material was estimated to date to ca. 7000 B.C. after comparison with
similar artifacts from Graham Cave in central Missouri (Wood 2001: 67-69).
At a depth of 120-160 cm there is a concentration of five bevel-bladed and one bevelstemmed lanceolate points. “These points are not assignable to a named complex, but they are
either contemporaneous with the last stages of the Breckenridge occupation or they postdate this
occupation” (Wood 2001: 69).
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The last non-ceramic occupation is at a depth of 60-100 cm below surface, or roughly the
upper deposits of Stratum B. Its artifacts include four large, unclassified square stemmed points;
Rice corner notched points; and Kings corner notched points, and a large quantity of chipped and
ground stone tools (Wood 2001: 69-70).
The final period of occupation include Gary and Langtry points, four distinct types of
arrow points, and shell-tempered pottery. Wood (2001: 70) believed that this occupation ended
before historic contact and lacks trade goods. It likely dates to ca. 1700 A.D.
Regional Environment
The Ozarks’ many springs must count in the tens of thousands (Rafferty, 2001: 10). Harrington
(1960:9-10) documents two small springs in the vicinity of the shelter; one emerging from the
foot of the ledge approximately 140 meters to the east of the shelter, and another located at the
edge of the bluff line above Breckenridge Shelter sending a small amount of water over the drip
line near the western end of the shelter. Both cease to flow in very dry weather. In surveying the
area around the shelter in September and October of 2010, I located the two springs and found
that both had extremely low flow.
Carl O. Sauer (1920: 59) states that “[s]ince the settlement of the region, the following
changes have taken place in the character of the forest: (1) greater density of stand and more
undergrowth, as a result of the cutting of the large timber and the cessation of fires; (2) a great
decrease in the lowland forest area; and (3) a relative increase of those species that have the most
efficient means of propagation.” At Breckenridge Shelter the greater density of stand and
underbrush exemplifies this point (Figures 4 and 5). Figure 4 predates 1963, when originally
published by Wood. The bluff line of the shelter is clearly visible and not blocked from view by
undergrowth. Figure 5 is a photograph from October, 2010 looking at the same shelter features.
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The location from which the older photo was taken now is completely overgrown with
underbrush.
The encroachment of more prolific plant species possibly is evidenced by the cane thicket
at the mouth of the shelter (Figure 6), where the 1960s excavations revealed relatively deep
deposits and water is channelized off the drip line. Alternatively, the cane might be a vestige of
prehistoric usage and encouragement. Regardless, the environment at Breckenridge is still
changing. Yet the archaeological record shows that plant and animal life in the recent past
include species similar or identical to those currently available. Twentieth century change,
however, has dramatically altered the landscape. These changes include the construction of
numerous roads, bridges, other structures and also the inundation of the valley by Beaver Lake.
Rockshelter Habitation
Hunter-gatherers have used rock shelters as habitation sites worldwide. Studies of these
locations show similar layouts or spatial patterns of usage. Among the most instructive and
relevant summary is that of John Walthall (1998). His interpretive model of the use of
prehistoric rock shelters is crucial to my evaluations of Breckenridge Shelter.
The Papua New Guinea study described by Walthall explains hunter-gatherer use of bluff
shelters as habitation locations: 1) adult members of the group maintain a mental map of their
landscape and the resources and shelters that are available in their area, 2) rock shelter use is
always associated with fire, 3) sleeping areas are associated with hearths and tend to be located
at the back of the shelter near a wall, 4) maintenance activities such as tool making and
sharpening take place near the center-front of the shelter where the light is best, 5) cooking
activities are practiced at the front of the shelter near to, or just outside of, the drip line, and 6)
discard is more intense toward the front of the shelter and down the talus slope.
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Living space in the Breckenridge Shelter, as seen through previous excavations, fits this
design well. Excavation of the west end of the shelter revealed deposits of ash and charcoal
indicating a concentrated area of burnt material (Thomas, 1969:116-117) and a prepared rocklined hearth first mapped by Wood in 1961.
Harrington describes Breckenridge as having fire pits in the center-back portion of the
shelter near the back wall, at least three storage pits located in the eastern-back portion of the
shelter, along with numerous burials around the site. An abundance of cultural refuse near the
center-front of the shelter indicates a concentration of activity in this location. The space to the
front of the drip line was exposed to the elements and far less habitable, (Harrington 1960: 1122). This description fits well with the model for bluff shelter life around the world as described
by Walthall (1998). The extent to which the Breckenridge burials and storage pit digging
destroyed earlier archaeological remains is uncertain. According to Walthall (1998), the most
destructive cultural force to disturb early Holocene deposits in rock shelters is Middle Archaic
(8000-5000 BP) pit digging; if so, that too awaits empirical verification at Breckenridge.
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Chapter II: Photogrammetric DEM and Landscape Reconstructions
Figure 7, provided by the United States Geological Survey (USGS), illustrates the
topography of the Beaver Reservoir region prior to the impoundment of White River. These and
similar data are used in two ways in this and the following section. First, I address the
development of a high-resolution digital terrain model (DTM) from aerial photography taken
prior to impoundment. Second, a new and improved digital elevation model is generated.
My goals in this analysis were to develop a high-resolution DTM, topographic contour
maps, and three-dimensional models of the area surrounding Beaver Lake. A complication to
my research has been the lack of high-resolution elevation data. USGS Shuttle Radar
Topography Mission (SRTM) data have highest resolution of about 30 meters. According to the
USGS website, “SRTM data were processed from raw radar signals spaced at intervals of 1 arcsecond (approximately 30 meters) at the Jet Propulsion Laboratory (JPL). These data were then
edited or finished to delineate and flatten water bodies, better define coastlines, remove spikes
and wells, and fill small voids”
(http://eros.usgs.gov/#/Find_Data/Products_and_Data_Available/SRTM). Thirty-meter
resolution is not much help for archaeology at site level-scales or to interpret surrounding
landforms.
I purchased historical aerial imagery from USGS and processed it through Erdas Leica
Photogrammetry Suite (LPS), and ArcGIS computer software. The imagery dates to December
26, 1957, several years before Beaver Dam construction and inundation of this section of the
White River basin. This pre-dam imagery can be used to model topographic data and visualize
the lower valley elevations now beneath the reservoir (see Figure 8). Modeling allowed for the
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“removal” of Beaver Lake and because of the lack of vegetation cover during December 1957, a
clear view of the ground surface.
The images have a scale of 1:62,000, providing a better data resolution than that of the
SRTM. They also have very low cloud cover; ranging from zero to nine percent. The images
were taken at a flying height of 9448.8 meters, and have 60 percent overlap between them (see
Figure 9).
Methods
The acquired imagery was processed through photogrammetric software in order to
develop more accurate data than that previously available from the USGS website.
“Photogrammetry is the art, science and technology of obtaining reliable information about
physical objects, and the environment through processes of recording, measuring and
interpreting photographic images…” (American Society of Photogrammetry 1980: 1249).
The majority of the work for this project was conducted on LPS software. According to
the Erdas website, “LPS is a complete suite of photogrammetric production tools for
triangulation, generating terrain models, producing orthomosaics and extracting 3D features.
Automating precision measurement, maintaining accuracy, and including flexible operations
such as terrain editing and feature extraction”
(http://www.erdas.com/products/LPS/LPS/Details.aspx.). The major steps of processing include:
Orthorectification of historical imagery, DTM extraction from the orthorectifed imagery,
topographic contour map production, and 3D model production.
Orthorectification
According to the Erdas User’s Guide for LPS, orthorectification is a process for reducing
geometric errors in photography and imagery. Factors contributing to these errors include:
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camera or sensor orientation, systematic error associated with the camera or sensor, and
topographic relief displacement (Erdas LPS Project Manager User’s Guide 2009: 70). Most of
these errors can be accounted for in processing.
This processing required the manual internal and external orientation information for the
camera that acquired the imagery. “The film plane of each camera includes a set of four or eight
reference marks known as fiducials. These fiducial marks are precisely measured positions in
the exposure frame of each photograph” (http://pubs.usgs.gov/of/2004/1451/brown/index.html).
Information such as focal length, internal fiducial mark location, and camera height are
necessary for determining the internal orientation of the camera. Information for the internal
orientation of the camera was available through the metadata provided with the imagery, as just
described.
After establishing the internal orientation of the camera, the external orientation of the
imagery was established. In order to orient the image, ground control points and tie points were
located between the three images, the orthoimagery of the region provided by USGS, and SRTM
elevation data. I manually selected ten ground control points (GCP) based on features present in
the historical imagery and the modern imagery of the region. From these GCPs the software was
able to locate an additional 123 tie points between the images. The location of reference points
between the aerial imagery, and orthoimages, and a SRTM available through the USGS website
allows the software to orient the image properly in relation to features actually present on the
landscape, providing the external orientation for the imagery.
DTM extraction
The process of DTM extraction is the stretching of the imagery to match with currently
available digital elevation models, or DEM’s. Through this process, the software is capable of
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making direct elevation ties between previously designated GCP’s and tie points. By connecting
the imagery with the DEM of the region and orthoimages, the software is able to interpret the
topography visible in the imagery in relation to what is present on the ground, effectively filling
in the gaps in the current model caused by the inundation of the valley.
Topographic Model
After the images have been oriented and interpreted through the DEM, it is possible to
develop a high resolution DEM that includes the topographic features of the river basin previous
to its inundation. This DEM also allows for the creation of topographic models with contour line
intervals determined by the operator. This enables us to view the area with much more accuracy
than with previously available data.
3D Models
Finally it is possible to represent this information visually through the construction of 3D models. These models are of great use for topographic interpretations and analysis. The
intensity of the topographic relief can be adjusted to exaggerate certain features of interest or be
presented to reflect the actual topography of the region.
Results
The results include orthorectifed modern imagery, orthorectifed historical imagery, highresolution DEM’s, high-resolution terrain contour maps, and three-dimensional models (Figures
10 and 11). All of these were intended for precise analysis and comparisons between present day
landscapes, and those of the past.
Orthorectification, DTM extraction, and 3D rendering provide 3D models of both the
land surface in 1957 and present day (Figures 12 and 13). This was intended to allow a
comparison between present topographic features and those of the late 1950’s. This however
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proved to be impossible due to the resolution of the historical imagery, and unavoidable errors in
the orthorectification process as discussed below.
Limitations
Limitations and complications include: the cost of the imagery, limitations of the image
resolution, time limitations, and slight errors in processing mosaic images.
The cost of the imagery limited the scope and range of the project. This project focused
on the region surrounding the northern section of the reservoir. It was my intention to continue
this work with the area surrounding the southern portion of the lake as funding became available.
However, as funding is unavailable, extension of the project to include the southern portion of
the lake is not feasible.
Although the imagery has a 5-meter resolution, far better than that of the SRTM, it is still
a limiting factor. With higher resolution imagery, the minute detail with which this project was
concerned will be available for analysis. As it currently stands, this project demonstrates the
methodology required for such an undertaking using data available at the time.
The issues of time limitation and errors in the mosaic process are inseparable. Although
these errors are small, they become apparent under close inspection of the data and final
products. These errors are due to disagreements in the alignments between the imagery and the
orthoimages. The software shows these errors throughout the process, and with more time, these
errors could be more properly corrected. These errors have made it impossible to conduct
comparisons between the historical imagery and the more recent orthoimages. The resolutions
differ dramatically, one holding 5 meter resolution and the other 30 meter. As demonstrated
below, the errors inherent in the data render any results from comparison of the two models
highly inaccurate and imprecise.
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Possibility of Future Work
The products of this project provide an excellent foundation for future work and analysis.
The DTMs and contour maps developed through this project lend themselves to further analysis
and processing not only using Erdas software but also software suits such as ArcGIS. With
higher resolution data and further time for the project, comparisons between the historic and
modern imagery could offer the possibility of demonstrating land surface change over time.
Land surface change over time has direct implications for the site itself; this could act as a map
for the processes of site formation and evolution over time. With high-resolution maps and
imagery developed and processed using the methods demonstrated in this project or acquired
through USGS, it would be possible to gain a better understanding of the topography and the
geomorphological processes causing its development. Even at 5 meter resolution this form of
study would be ambitious.
Future analysis should include watershed and slope analysis through ArcGIS. This
would provide precise information about slope angles and the downhill movement and flow
direction of moisture and material. Also maps from this project would serve as base maps for the
geo-referencing of previously conducted and future excavations and surveys. If the project were
expanded to include the southern end of the lake, the location of many other bluff shelters would
be included for study.
Conclusions
Although this project achieved its primary goals, much remains. The images and maps
still need refinement, and the project should be continued for the region surrounding the southern
end of the reservoir. The data obtained through the completion of this project are of much higher
quality than those previously available. The removal, in a virtual sense, of Beaver Reservoir also
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reveals information on land surfaces that have been inaccessible for more than 50 years. Data of
the White River basin, lost with the flooding, are now available visually.
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Chapter III: Digitized DEM
The goals of this second assessment were to construct a new Digital Elevation Model
(DEM) of the White River Valley including the area now impounded by Beaver Reservoir. This
was accomplished through contour line digitization with ArcGIS software on USGS 7.5 minute
topographic maps with a 20 ft. (6.096 m.) contour interval. The images were downloaded at
1:24,000 resolution.
Also for this project, I compared viewsheds for Breckenridge shelter along with those of
Walden Shelter (3CR007), and The Roll Off Bluffs (3CR009), both located in close proximity to
Breckenridge, in order to determine intervisibility and predict the interconnectedness of these
three sites.
The resulting DEM appears to be good, but close inspection shows its accuracy is in
question. The many complications include a lack of GCPs near the corners of two of the three
images due to the presence of the reservoir in the modern imagery, and the resolution of the
photography (1:62,000). The DEM was discovered to have a great number of data spiking along
the joining lines of the images.
I was able to extract slope profiles for the three shelters from this DEM. For other forms
of analysis, however, this DEM was of little utility. Attempts were made to correct the data
spikes within the DEM, but as smoothing procedures continued it became apparent that my DEM
was becoming less and less connected with reality.
A new DEM was needed. This DEM was generated, again, through the digitization of
contour lines on USGS maps showing the original contours of the White River Valley prior to
the creation of the Beaver Reservoir (see Figure 14). The maps acquired through USGS have a
contour interval of 20 ft. Converting this into meters yielded a contour interval of 6.096 meter.
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Because ArcGIS does not allow for fractional distances, most of the elevations were rounded to
the nearest whole number. In general, this left the contour interval at 6 meters. However, to
compensate for elevation compression, two individual contour lines had to be adjusted to have an
interval of 7 meters between that contour line and the one located immediately below. In all, this
had little distortional effect on the new DEM, and served its purpose to prevent the compression
of elevation. The digitization work for this project was very intensive, requiring 60 hours of
computer time, and the manual digitization forming a Triangulated Irregular Network (TIN)
containing 199,109 data nodes forming 398,180 data triangles (see Figures 15 and 16). From
this TIN, a DEM with an 18.376459 meter resolution was made (see Figure 17). This DEM
raster was then resampled down to 1-meter resolution. This had little effect on the visible
resolution of the DEM, thus I determined that it would be best to continue analysis with the
original 18-meter data (see Figure 18).
The new DEM made possible a comparison of statistical differences with the earlier one.
After differencing the two DEMs, the data histogram provided by ArcGIS made it very apparent
that there were more problems with the original DEM than just data spiking (see Figure 19). The
statistics demonstrate the difference between the two as well. They show that there is a
minimum difference of -73.71 meters, a maximum difference of 81.45 meters, a mean difference
of -13.34 meters, and a standard deviation of 12.78 meters. The negative differences show that
the elevations indicated by the first DEM were much lower than those indicated by the new
DEM. Because the new DEM was digitized directly from a USGS contour map, the elevations
are more accurate than the DEM developed previously through historic imagery
orthorectification. So, although I was able to construct slope profiles for the shelters without the
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disruption of data spikes, the entire photogrammetric DEM is actually quite inaccurate and
unreliable (see Figure 20).
Analysis of the New DEM
This new, more accurate DEM allows for many different forms of analysis, including
hillshade, slope, aspect, and viewshed modeling. Although initial steps were taken in developing
hillshade, slope, aspect, and viewshed models (Figure 21), the in-depth analysis will focus only
on viewshed modeling (see Figure 22).
In conducting the viewshed analysis, I was interested in determining what locations were
visible from each site, if the sites held any intervisibility, and if communication was established
between the shelters, how much of the valley would be visible. Due to the region’s rugged
topography, I assume long distance transportation was easiest by boating along the White River.
Undoubtedly, a commanding view up and down river would have benefited occupants of
Breckenridge Shelter, whether used periodically as a base for seasonal hunting or as a more
permanent habitation.
For this analysis, vegetation and groundcover where not accounted for. We know that
vegetation and ground cover vary greatly through time, and as Breckenridge is known to have an
extremely long span of periodic habitation, it would be impossible to expect one model of
vegetation accurately to represent real world conditions through time (see Figure 4 and 5). Also,
by not considering vegetation, the maximum viewsheds could be developed.
These viewsheds can be illustrated differently to aid with two dimensional (2-D) and 3-D
interpretations. They can be viewed separately, or combined for intervisibility interpretations
and maximum combined view from all three shelters (see Figure 23).
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These viewsheds show but a small window of intervisibility between Walden Shelter, and
The Roll Off Bluffs. However, neither of these sites share intervisibility with Breckenridge
Shelter. There is a significant amount of viewshed overlap between Breckenridge Shelter and
The Roll Off Bluffs because the two shelters are near to each other. Because this location has
been at least partially disturbed by the construction of a gravel road as part of the Carroll-Boone
County Water Treatment Facility, any archaeological study of the area of overlap could prove to
be of little utility and of little benefit to the goals of my research. It also is interesting to note
that the ridge top located immediately upslope from Breckenridge Shelter is one of the highest
points in the surrounding region. Viewshed analyses from this lofty elevation are yet to be
conducted.
Although there is little to no intervisibility among the three shelters, I do not think that
the three shelters lacked a corresponding interconnectedness. Our research at Breckenridge
demonstrates its occupants used the entire hill slope above and below Breckenridge Shelter. The
close proximity of the other shelters makes it increasingly easy to imagine interactions among
the sites. Further intensive survey of Pine Hollow around these three sites is needed. For the
moment, viewshed analysis shows that utilizing all three locations would provide much greater
visibility of White River and its valley floor.
Conclusions
My original DEM is demonstrably flawed, even with its higher spatial resolution, at 5
meters. The new DEM maintains a resolution of slightly more than 18 meters, but the relatively
low resolution is inconsequential if spatial accuracy is taken into account.
The histogram produced from the differencing of these two DEMs illustrates concisely
how much variation exists between these two DEMs (see Figure 9). As shown by this histogram,
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the standard deviation between the two DEMs is 12.78 m. This histogram shows explicitly that
the photogrammetric DEM is not of sufficient quality to continue with further analyses.
Therefore, the new DEM was used for the development of hillshade, slope, aspect, and
veiwshed modeling. The hillshade, slope, and aspect models are of very high quality and serve
as a solid foundation for the continuation of this research.
Other Uses for the GIS
Now that this DEM has been generated, numerous other useful layers can be produced to
help with further analysis and interpretation. For instance, from this basic DEM I created not
only slope profiles for the hill slope but also was able to develop layers showing slope angle and
orientation. These are invaluable for hill slope interpretation of data from shovel tests and
sampling presented later.
Other map images and locations can be tied into this single DEM. Other DEMs
generated through contour line digitization or other methods can expand the area the original
DEM encompasses. This additional DEM area can be used for more viewsheds and future work
at other nearby shelters such as Walden Bluff and the Roll-Off Bluffs.
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Chapter IV: Breckenridge Shelter as Part of The Nine Unit Land Surface Model:
The nine unit land surface model is a technique for studying landforms and hill slopes
descriptively and analytically (Dalrymple et al. 1968: 60). The model divides a landscape into
nine individual units consisting of: 1) the interfluve, 2) the seepage slope, 3) the convex creep
slope, 4) the fall face, 5) the transportational mid-slope, 6) the colluvial foot slope, 7) the alluvial
toe slope, 8) the channel wall, and 9) the channel bed (Dalrymple et al. 1968:60-71). It should be
noted that, with the exclusion of the interfluve, the nine units may not all be present, may be
present in any order, and may appear more than once in the same slope structure (Dalrymple et
al. 1968:73).
For this study, I focus on the upper seven units, but predominantly on units three through
six as they make up the largest portion of the hill slope in proximity to the shelter. Units one and
two have been greatly altered by highway construction. Units eight and nine, as well as portions
of unit seven, have been inundated by Beaver Reservoir. The development of this slope model
for Breckenridge Shelter has been accomplished through the analysis of photographs taken of the
site and analysis of sectional profiles of the shelter developed through mapping techniques
discussed later.
The hill slope’s interfluve has been greatly modified due to the construction of Arkansas
State Highway 187. This undoubtedly has altered the way in which material is moved down
slope, but as this section of the model is primarily characterized by pedology and vertical
subsurface water movement, according to Dalrymple et al.(1968:63), it will have little or no
effect on the movement of material into or out of the shelter. But it will have some minor effects
on the infiltration of water into the subsurface.
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The seepage slope begins immediately below the interfluve and only spans a short
distance. It also appears to have been altered by the construction of the highway. Nevertheless,
as it is the first unit in the model to demonstrate lateral movement of material, it is important to
the model.
The convex creep slope is characterized by a slope angle not exceeding 45 degrees. In
this unit, creep is considered to be the dominant process influencing the movement of material
(Dalrymple et al. 1968:73). At Breckenridge, the convex creep slope is characterized by a steep
slope angle, approaching the 45-degree limit expected by the model, and covers a large area. At
least one active natural spring is present in this unit. This spring is at the head of a large
drainage and discussed in more depth in the Depositional Processes portion of this paper.
The fourth unit, the fall face, is where Breckenridge Shelter is situated. The shelter has
formed in this location due to a specific set of circumstances: primarily the existence of a soft
easily eroded shale below a hard more resistant layer. These are discussed by Willard (1960) as
well as Donahue and Adovasio (1990). Donahue and Adovasio (1990) discuss this in relation to
sandstone layers; however, at Breckenridge the overlying layers are limestone similarly
fragmented into small particles and large blocks by frost and gravity as the sandstone they
discussed.
At Breckenridge, as with many other bluff shelters, the transportational mid-slope, unit
five, is not present. This is because of the lateral erosion of the less resistant shale within the fall
face of the hill slope, and therefore unit six, the colluvial foot slope, develops immediately
beneath and within the overhang which forms the bluff shelter (Donahue and Adovasio 1990:
223).
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The colluvial foot slope at Breckenridge Shelter begins within the shelter itself, and
proceeds down slope away from the shelter. This unit of the model is also dissected by the
primary drainage similar to unit three, the convex creep slope above the shelter.
Unit seven, the alluvial toe slope, is now at or in the reservoir. At times this unit is
completely inundated, and for the most part is partially submerged except during times of
extreme drought. It is characterized by a gentler slope than that of unit six, generally ranging
between zero and four degrees.
As noted above, units eight and nine of the model cannot be studied due to the current
surface level of Beaver Reservoir and low resolution of currently available maps.
The products of this undertaking illustrate what processes should be at work at the
different areas, or units, along the slope. The nine unit slope model makes it possible to
differentiate what processes are at play above as compared to below the shelter. These can be
further evaluated, or even verified through shovel testing and grain-size analysis of samples
taken along the landform.
For the purposes of this analysis we will ignore the area of the slope inundated by the
reservoir as that area is not currently available for shovel testing and sampling. That then leads
us to view the shelter as being located at the center of the slope, bisecting the landform into areas
designated as above or below the shelter.
The assigned units for this particular slope model lead this researcher to believe that
forces of erosion should be dominant above the shelter, which is located in a fall face of the
slope, and that processes of deposition are generally dominant below the shelter This hypothesis
will be tested through grain size analysis of samples taken from the landform.
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Chapter V: Total Station Map Model of Breckenridge Shelter Deposition
The primary goal of this project is to gain a better understanding of the processes
transporting material into and out of Breckenridge Shelter. This is achieved through analysis of
the nine-unit slope model, as illustrated by Dalrymple et al. (see Figure 24), and the development
of 3-D modeling to produce an accurate representation of the site from the current work. This
work forms a crucial platform upon which to base furthur excavation at the site.
3D Model Methods
The mapping techniques used during the course of fieldwork have proven sufficient to
construct an accurate 3-D model of the site. This model, constructed by Mike Evans of the
Arkansas Archaeological Survey in 2010, is represented in Figure 25. The model was produced
through the use of Topcon Image Master software. It is an easy way to visualize the site, and is
much more than a nice image. It also makes possible more accurate interpretations of the
processes that transport material into and out of the shelter itself (see Figure 26).
This model aided in understanding the angles and structure of the shelter itself. It also serves to
verify the slope angles present immediately around the shelter in comparison with those
indicated by wider ranging regional models.
Map Adaptation
The field notes and reports from the Thomas and Wood excavations provide numerous
maps of the shelter. The most helpful thus far has been their general plan map, which provides
precise locations for all of their units, and the locations of numerous easily recognized fall rock
slabs around the shelter. After new measurements were taken with a total station, it was found
that this original overview map was indeed very accurate, needing only slight spatial
modification. This was achieved through the warping of the map image over the plotted
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measurements from the total station in ArcGIS. These total station measurements were also used
to develop a topographic map of the shelter floor.
Depositional Processes
Except in periods of increased precipitation and run-off, there is little down-slope
movement of material at the site. The primary drainage for the movement of water across the
bluff line emerges from a naturally flowing spring approximately 85 meters northeast of the bluff
line. Hill slopes east and west of the primary drainage are sources of this wash’s sediment,
which is then transported over the bluff shelter. The deposition of material into this flow path
from the slopes on either side must also be considered in addition to the flow directly down the
drainage itself.
The secondary drainage is a much simpler system of semi-directed sheet runoff from the
hill slope west of the primary drainage. During times of drought, the secondary drainage
becomes inactive. This drainage concentrates down-slope sheet wash into one flow path just
before reaching the overhang.
During periods of decreased precipitation these two drainages do not appear to have
enough flow to transfer material of any substantial size into the shelter; however, when it rains,
dramatic amounts of downhill transportation of material is possible, especially through the
primary drainage. The more continuous flow of the two drainages during periods of increased
precipitation accounts for the well-defined channel present both above and below the shelter.
The spring at the drainage head also contributes to an increase in flow during and shortly after
precipitation events. This increased flow is responsible for the arrangement of debris in the area
immediately south of the drip line of the shelter.
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The secondary drainage has a great effect on the deposition and movement of material
within the shelter. Where this drainage crosses the drip line of the shelter there is a large
accumulation of sediment forming a colluvial fan, with material moving both into and out of the
shelter simultaneously. The floor of the shelter slopes downward from west to east, beginning at
the colluvial fan, and continuing back towards the primary drainage. The available data from
previous work (Wood 2001:58) demonstrate that these colluvial fans are very extensive.
Sediment is deposited on the shelter floor through roof fall and possibly aeolian
processes. The abundance of rock fall within the shelter is due to the severity with which the
rock layers are infiltrated by ground water, and the freeze/thaw cycles that are characteristic of
the region. The degree to which aeolian material was brought into the shelter awaits further
analysis of sediments obtained in the 2012 re-excavation.
Material is primarily brought into and removed from the shelter through alluvial
processes. The mechanisms bringing material into Breckenridge Shelter form a complicated
system. It is not simply runoff cascading into the shelter. There is also directional flow within
the shelter. And Flow patterns may have changed as sediments built up within the shelter. Only
further analysis of samples taken from within the shelter and in-depth profile mapping from
excavation walls will provide information as to how these patterns have shifted from the initial
deposition of materials within the shelter to the present day.
From Mike Evans’s model it is possible to predict the current flow patterns within the
shelter. Analysis of his model is done using north-to-south cross sections as viewed from the
west. These profiles help to understand the distribution of the shelter deposits, and the sequence
of erosion and deposition. These profiles are represented in Figures 27 through 30. Note that the
red box surrounding each profile represents an area 60 meters high, and 120 meters long. From
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analysis of these profiles, it is apparent that the shelter floor slopes from west down to the east,
coincident with the internal transportation of material. Material is deposited at the drip line on
the western end of the shelter, either through direct flow across the bluff line during periods of
high runoff, or other depositional processes: roof fall, windblown material, a constant rain of
particles from the overhang above. Once the material has been deposited at the drip line at the
colluvial fan, it either continues down the landform away from the shelter, or is redirected
northward down the back slope of the colluvial fan into the shelter from the drip line, depending
on where it is deposited in relation to the topography of the shelter. The material that enters the
shelter is transported, during periods of high flow, across the floor of the shelter in an eastward
direction, toward the primary drainage. Eventually the material is transported into the primary
drainage and removed from the shelter.
This conclusion was verified externally through the production of a topographic map of
the shelter floor surface using Surfer computer software. Jerry Hilliard of the Arkansas
Archeological Survey (2010) produced this map using data points taken with the standard
Topcon GTS-239W Electronic Total Station. Topographic relief is demonstrated relative to the
arbitrary datum of 100 meters elevation at location N500, E500. This map demonstrates the
slope angle within the shelter, the location of the back wall of the shelter, and the farthest extent
of the drip line above the shelter. This map confirms a gentle downward slope within the shelter
moving from high point located in the west to the primary drainage located in the east as
apparent from this project’s three-dimensional model (see Figure 31).
Other Processes Involved in Shelter Formation and Evolution
The deposition of material at the site is further explained through the process of rock fall,
smaller limestone particle disintegration, and aeolian deposition.
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The infiltration and freezing of water in the shelter’s roof of permeable limestone causes
the degradation of its ceiling. And leads to detachment of large blocks of rock, because ice
expansion within fractures can split the rock which breaks off and falls to the shelter’s floor.
This is a major contributor to the shelter’s formation, and is responsible for its expansion over
time (Donahue and Adovasio 1990:236). The prevalence of large stone blocks within and
around the drip line of the shelter provides evidence of this process.
Smaller limestone particle disintegration provides further deposition of material within
the shelter. This process, though less easily recognized than rock fall, is an important factor in
shelter formation. As noted by Donahue and Adovasio (1990), weathering of sandstone in bluff
shelters produces a continuous rain of sand-sized sedimentary particles onto the colluvial surface
of the shelter. Though the exact release mechanism is not fully understood, both physical and
chemical weathering is involved. This occurs both at the edge of the shelter and within the drip
line, providing a continuous slow deposition of material within the site (Donahue and Adovasio,
1990:240-241), and is responsible for a considerable amount of sedimentation within the shelter.
At Breckenridge the overlying material is limestone. However, it is structurally similar to the
sandstone discussed by Donahue and Adovasio.
Aeolian processes may have also played a substantial role in the sedimentation of the
shelter, as initially proposed by Wood. Although rock fall, colluvial, and alluvial processes
account for periodic influxes of new sediment, small particle dislodgement from the roof of the
shelter and aeolian deposition could have been a more continuous process. The possibility of
fine-grained wind-blown sediment is yet to be resolved. However, it would have to be
differentiated from hill slope colluvial silt infiltrating the shelter as down slope runoff from
above the shelter.
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Geomorphological processes that led to Breckenridge Shelter sedimentation provide a
window archaeologically into the distant past of the region. As our understanding of these
processes improve, more accurate broad-scale conclusions become more feasible. From this
foundation we can develop further studies, through continued mapping, excavation, and
computer processing, which may answer the larger archaeological questions of the region.
Conclusions
Many geomorphological processes have shaped the history of Breckenridge Shelter
ranging from colluvial, erosional, and depositional in form, and all are still acting on the shelter
today. I have demonstrated their forms and functions through mapping and analysis. I developed
a land surface model based on the nine-unit slope model developed by Dalrymple et al. (1968).
This model demonstrates the presence of slope units one through four, and units six and seven.
As with many other bluff shelters, unit five is absent from the model and it is replaced with the
shelter itself. Units one and two were partially disturbed by the construction of the nearby
highway, and units eight and nine have been inundated with the filling of the Beaver Reservoir.
However, units three, four, six, and seven are all reasonably unaltered, and provide valuable
information of the movement of materials along the slope.
Grain-size analysis conducted from samples taken at the site, discussed at length later in
this thesis, shed light on the removal, movement, and deposition of material along the landform.
Briefly stated here, it appears that materials are being removed from the upper slope of the
landform, above the shelter, and are being deposited within and below the shelter.
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Chapter VI: Shovel Testing
The hill slope around the shelter has been shovel tested. Grain-size analysis of samples
taken from these shovel tests were conducted in order to determine precise percentages of
different sediments present at standard intervals along the hill slope. This information helps to
increase the accuracy of the slope models constructed using both three-dimensional and
topographic data. These samples will also be compared with those from the re-excavation as a
means of differentiating between the sediments deposited in the shelter from the surrounding
landform and those deposited in the shelter through aeolian processes.
Several artifacts were recovered from the shovel tests. These artifacts are briefly
described and pictured in Appendix B. The artifacts along with naturally formed gravel
fragments can be compared with materials found within the shelter deposits. Artifacts and
ecofacts recovered from the shovel tests are too large and heavy to have been transported by
aeolian processes. Concentrations of these materials, if proven to be of natural and not cultural
origins, would indicate periods of colluvial and not aeolian deposition.
The shovel test locations are illustrated in Figure 32, and are arranged into three separate
transects.
Transect One begins just outside of the drip line of the shelter and continues in a
southerly direction. This transect includes Shovel Test Units (STU) One through Four,
beginning with STU One at the mouth of the shelter, and STU Four located at the shore of
Beaver Reservoir. This transect is located in hill slope units six and seven. Of the four shovel
tests only STU Four is located in slope unit seven.
The two other transects are both located above the shelter in slope units two and three,
seepage slope and the convex creep slope. Transect Two, located on the western flank of the
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primary drainage, consists of STU Five through Eight, starting with STU Eight on the top of the
slope near Highway 187 and ending with STU Five just above the fall face and the bluff line.
Transect Three, located on the eastern flank of the landform’s primary drainage in slope units
two and three, consists of STU Nine through Twelve, starting with STU Nine on the top of the
slope near Highway 187 and ending with STU Twelve just above the fall face and the bluff line.
Each STU, after excavation, was sampled at all distinguishable levels. Our twelve shovel
tests, ranging in depth between 20 cm and 60 cm, yielded 20 soil samples. These samples were
later processed in the lab for grain size analysis.
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Chapter VII: Grain Size Analysis
Grain-size analysis of the 20 samples for this project was by the pipette method,
following procedures by Day (1965). The results were then plotted. These quantitative results,
provided as supplemental material, support the descriptions taken in the field.
Results
Analysis of the soil samples taken above and below the shelter reveals two distinct yet
related patterns (See Figure 33). First, the composition of samples from above the shelter have
an increased percentage of larger grain size particles, specifically in the range of course sand to
very course sand. Second, the samples from above and below the shelter have similar
proportions of the total silt fraction, yet those from above the shelter and Shovel Test One,
located immediately below it, lack fine silt material even while having similar distributions of
total silt. Finally, all samples excluding sample number Five, yielded clay measurements of
questionable value. The weights of this fraction of the sample were small enough that after
subtracting the weight of the Calgon from the sample the weights actually came up negative.
After consulting with Margret Guccione, it was determined that the amounts of clay present in
the samples were actually well within the margin of error for this method of analysis, and should
be considered to be nonexistent. The same is true for the fine silt portions from above the
shelter. This is due to the extreme slope angles at the site and the sorting of materials through
colluvial processes.
These results indicate that there is a removal of fine grain particles from above the
shelter, and a deposition of these materials below. This process, however, is limited to the finest
particles of the range. As there was no fine silt recovered in Shovel Test One, deposition of this
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material does not begin at the drip line, but farther below down slope of the shelter on the less
extreme slope angles in the sixth unit of the slope model.
Interpretations
The field descriptions of the shovel test excavations profiles, and the soil samples
themselves have been graphed to illustrate differences in horizon thickness across the bluff line.
Of the three transects, Transect Two, on the upper western slope, has the clearest soil
patterns, and is the easiest to interpret. Transect Three, on the upper eastern slope, has the least
clear soil patterns, and is the most difficult to interpret. This is due to the location and
orientation of the transect, along with other interfering natural obstacles, including the spring
located near shovel test unit ten, and its erosion of the landform. This transect is shown in Figure
34.
Figure 35 illustrates the soil profiles in Transect Two. It is clear here that the general
trend is one of decreasing soil horizon and unconsolidated material thickness downslope.
Although many of the horizons were extremely similar in structure, and the total amount of
gravel, and sand, there are distinct variations in color, and gravel sizes. The two horizons are
both of silt loam, and have an abundance of different- sized gravel fragments. Down slope of the
interfluve and the seepage slope, the thickness of the soil horizons decreases. This is due to the
steepness of the slope and the soil’s ability to remain in place against the forces of nature such as
gravity, runoff, numerous freeze-thaw cycles, and wind.
Transect One, shown in Figure 36, from the slope below the shelter proved to be
somewhat problematic in its initial interpretation, but after consulting the mapped locations of
these shovel tests it becomes clear that shovel test unit three should be excluded as an outlier
because it is located on the opposite side of the primary drainage due to extremely dense brush
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and large trees. This leaves a transect of three shovel tests. Across this transect (Figure 37) the
general soil pattern is one of thickening horizons downslope and closer to the lakeshore where
there is a significant decrease in slope angle.
Conclusions
While I was unable to make a solid connection between the exact soil horizons from
above and below the shelter, these data and interpretations are informative of movement of
material along the landform. It demonstrates that, as expected in the nine unit slope model
(Dalrymple et al., 1968), erosion processes, either by gravity, runoff, freeze-thaw cycles, and
wind, are the primary factors acting on the landform above the shelter, and that depositional
processes are the primary factor acting on the landform below the shelter. The lack of
connection between the soil horizons above and the soil horizons below is explained at least
partially by the catchment for material that is the shelter itself. Materials do not simply fall over
the bluff line and then continue immediately down the landform. The shelter redirects the
materials from all across the bluff line into a single primary drainage emerging from the central
eastern end of the shelter.
This conclusion lends support to the assumptions of the Dalrymple slope model. The
model hypothesizes that materials are eroded from the upper slope and deposited on the lower
slope, which is consistent with the empirical data of soil samples taken from the landform itself.
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Chapter VII: Summary and Conclusions
Breckenridge Shelter was likely seasonally occupied. As shown by Rafferty (2001),
temperatures within the Ozarks vary dramatically with slope orientation, natural surface
materials, relief, and presence of water. South-facing and west-facing slopes are more prone to
temperature variation and surface moisture evaporation as they receive a greater amount of
sunlight than slopes facing north or east (Rafferty, 2001: 28). Breckenridge Shelter’s southern
orientation, and relatively high location on the hill slope, makes it an excellent location providing
greater warmth, than locations lower in the hollow or those oriented in other directions. This
orientation leads to shorter duration of winter precipitation, earlier and more readily available
flowing water from area springs, and less dense vegetation according to Rafferty (2001: 28).
These conditions along with available high quality chert and other lithic materials in close
proximity to the shelter make it an excellent location for winter habitation.
The depositional processes described within this thesis would have great effects on the
inhabitants of the site and the artifacts left behind. Sediment within the shelter accumulated
episodically through downslope transportation, periodic rock fall, pervasive limestone
disintegration, and possibly aeolian deposition. Although everyday processes have greater
influence on overall site formation, the more periodic processes would have greater immediate
effects on the occupants of the site. Periodic increased rates of rock fall would have rendered the
shelter less habitable, rearranging the shelter floor, and dramatically altering its living space.
Although there is the obvious negative impact and danger of rock fall, when examined
archaeologically, it also proves to be of benefit. As shown in Wood’s report (2001) and the work
of Harrington (1960), the inhabitants of the site utilized the slabs of rock deposited from roof fall
to their benefit. Large slabs of stone were used as platforms for the grinding of foodstuffs, for
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hearths on which to build fires for cooking and for warmth, and as linings for storage pits (Wood
2001; Harrington 1960). These naturally occurring objects within the shelter served to greatly
reduce the effort needed to perform everyday tasks or to produce commonly needed and used
items. Figure 3, from Wood (2001: 58), clearly illustrates a hearth located directly on top of two
rock fall slabs originating from the roof of the shelter, indicated by a black deposit in the upper
left portion of the figure. Harrington’s work describes a burial excavated in 1922 in a crevice
between two large fall rocks in the western end of the shelter (Harrington 1960: 21-22). This
information along with numerous other reports from past fieldwork demonstrate that the
inhabitants of the site were using the available materials around them in an attempt to reduce the
effort required to perform everyday tasks, one of the great benefits to occupation of this
particular site. Many of the objects needed for survival were readily and easily available within
or near the confines of the shelter itself.
A large focus of this thesis has been the movement and deposition of material into and
through the site. While studying these processes, one must take into account the effects that
these processes would have on the occupants of the site. Because the site is a naturally occurring
formation, its continued change overtime would have had great impact on its inhabitants during
the long-term periodic occupation. As illustrated in Figure 3 (Wood: 2001: 58), the original
shale floor of the shelter slopes steeply away from the back wall of the shelter. The
accumulation of sediment within the shelter would have simultaneously expanded the floor space
of the shelter but reduced its ceiling height, effectively making the rear section of the shelter less
suited to everyday use.
When looking at the landform surrounding the shelter in light of the nine-unit slope
model as well as information provided through shovel testing, soil sampling, and fine scale
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mapping, it becomes apparent through an understanding of the hill slope processes where one
would expect to uncover the highest concentrations of cultural materials. As demonstrated in
this thesis, it is apparent that above the bluff line processes of erosion dominate the landform
with a stripping and downslope transportation of material, and below the bluff line depositional
processes are dominant. Thus the greatest concentration of archaeological remains would be
found below the shelter itself. Also, cultural remains deposited above the shelter would,
especially in periods of heavy precipitation, likely be transported farther downslope or even from
the shelter onto the lower slope of the landform.
This research furthers our understanding of the natural forces at work at Breckenridge
Shelter, and its surrounding landform. This work includes varied approaches integrated by GIS,
including: aerial imagery orthorectification and photogrammetric modeling, 3-D regional
modeling through contour line digitization and DEM generation, and physical mapping and
modeling using total station and robotic total station scanning. Also in pursuit of our goals we
conducted ground survey, mapping, and shovel testing of transects along the landform. We
obtained samples from these shovel tests, and through grain size analysis, and field and
laboratory descriptions were able to reconstruct the processes causing movement of materials
down slope. With this information, in conjunction with the data acquired through (3-D) mapping
of the interior of the shelter and its immediate surrounding area, we are able to understand and
model the movement of materials from the top of the landform down through the shelter, to the
current surface of the reservoir.
Although these studies do not individually indicate the cultural activities taking place
within the shelter throughout the course of its occupation, they do provide a wealth of
information about natural processes affecting human habitation. They also provide a sturdy
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foundation for the ongoing work at the shelter, and serve as a template for future work at other
shelters in the region and around the world.
The data from this thesis, primarily that acquired through grain-size analysis, provides a
comparison for samples taken from excavations within the shelter. The descriptions of materials
provided by Wood from his original excavations provide some insight, however, more detailed
information would be helpful. Wood describes the soil from the shelter as being subdivided into
three strata, listed from the surface down to bedrocks follows:
“Stratum A. Dry, loose soil, dark grey in color, changing into black moist soil
toward the drip line. There is abundant small fall rock, and heavy concentrations
of plant roots.
Stratum B. Moist, dark, compact sticky soil containing a large volume of
deteriorated limestone cobbles and pebbles.
Stratum C. Moist, dark, compact sticky soil, dark grey in color near the top,
becoming more yellow with clay near bedrock. Abundant small fall rock, with
increasing clay content near bedrock” (Wood 2001: 58).
These descriptions do not lend themselves well to in-depth analysis. They show very
little significant change in soil composition from the surface of the deposits down to bedrock.
The most significant change is from a wet to a dry condition, and the presence of organics near
the surface.
The only means of connecting the data from this thesis with the cultural sequence
developed by Wood is through his soil descriptions from his excavations. Wood used the three
strata listed above to develop his cultural sequence; however, it is very difficult to arrive at any
direct conclusions from the available descriptions. With data recently obtained from Kay’s re-
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excavations, primarily grain size analysis of the numerous soil samples taken from the
excavation walls, meaningful connections with the data acquired outside of the shelter should be
possible.
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XI: Appendix A
Figures

Figure 1: Map showing the regional location of Breckenridge Shelter (3CR0002) and other
surrounding archaeological sites. (Sites mapped in approximate locations from information
provided by the Arkansas Archaeological Survey
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Figure 2: Geological history of Breckenridge Shelter (Willard1960:3).
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Figure 3: Illustration of the three soil stratum described by W. Raymond Wood (Wood
2001: 58).

Figure 4: View of Breckenridge Shelter, looking West (AAS Neg. No. 620833) Photograph
published by Wood (2001: 56) originally 1963.
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Figure 5: Photograph of Breckenridge Shelter looking West (Personal Photograph,
October 2010).
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Figure 6: presence of abundant cane growth immediately in front of Breckenridge Shelter
(Personal Photograph September, 2010)
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Figure 7: Regional Topographic map showing extent of the Beaver Reservoir, and its
underlying topography. Original image provided by United States Geological Survey
(USGS).Location for Breckenridge Shelter added by Author.
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Figure 8: Historical Aerial Imagery. Photographs taken of Beaver Lake Region previous to
construction of the reservoir. Imagery Purchased from USGS.

Metadata for Historical Aerial Imagery:
Agency:
Acquisition Date:
Image type:
Scale:
Quality:
Cloud Cover:
Recording Technique:
Stereo overlap:
Flying Height in Meters:
Film Length and Width:
Focal Length:

Figure 9: Historical Aerial Imagery Metadata

Army Map Service
12/26/57
Black and White
1:62000
Good
0 to 9%
Vertical Cartographic
60%
9448.8M
229mm x 229mm
152.77mm
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Figure 10: High resolution DEM of Beaver Lake Region (5 meter resolution).
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Figure 11: Topographic Contour Map Developed from High-Resolution DEM.
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Figure 12: Three-Dimensional Model Based on Historical Aerial Imagery From December
1957.
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Figure 13: Three-Dimensional Models Based on Modern Ortho-imagery and Historical
Aerial Imagery.
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Figure 14: USGS contour map showing survey area. This image used for contour line
digitization.
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Figure 15: Contour lines digitized from USGS contour map.
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Figure 16: Three-dimensional rendering of contour based TIN. Viewed at five times
elevational exaggeration.
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Figure 17: Contour TIN derived DEM. 18.376459 meter resolution

Figure 18: From Left to Right: Original DEM. DEM resampled to 5 meter cell size. DEM
resampled to 1 meter cell size.
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Figure 19: From Left to Right: New Contour Derived DEM. Old Photogrammetric DEM.
Image Showing the differences between the two.

Figure 20: Histogram demonstrating the difference between the two DEMs. The gray
statistical curve illustrates the new DEM, while the pink statistical curve illustrates the
photogrammetric DEM.
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Figure 21: From Left to Right: Slope Model based on new DEM. Aspect Model based on
new DEM. Hillshade Model Based on new DEM draped over new DEM.

Figure 22: Viewsheds for Shelter Locations. From left to Right: Breckenridge Shelter
Viewshed showing visibility primarily to the Southwest. Walden Shelter viewshed shoing
visibility to the South. The Roll Off Bluffs viewshed showing visibility to the West and
South.
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Figure 23: All three viewseds shown draped over original USGS contour map. Purple
indicates viewshed for Breckenridge Shelter. Lime Green depicts viewshed for Walden
Shelter. Pink shows viewshed from The Roll Off Bluffs.
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Figure 24: Nine-Unit Slope Model as illustrated by Dalyrimple Et. Al. (1968).

Figure 25: 3-D model of Breckenridge Shelter. (Model Developed by Mike Evans of the
University of Arkansas Archaeological Survey)
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Figure 26: Three-dimensional model of Breckenridge Shelter showing movement of
materials into, through, and out of the shelter (Model Developed by Mike Evans of the
University of Arkansas Archaeological Survey).

Figure 27: Profile of shelter structure at the location of the primary drainage and labeled
to show slope model units (Model Developed by Mike Evans of the University of Arkansas
Archaeological Survey).
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Figure 28: Profile of shelter structure at the location midway between the primary and
secondary drainage (west of primary drainage), labeled to show slope model units (Model
Developed by Mike Evans of the University of Arkansas Archaeological Survey).

Figure 29: Profile of shelter structure at the location of secondary drainage, labeled to
show slope model units (Model Developed by Mike Evans of the University of Arkansas
Archaeological Survey).
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Figure 30: Profile of shelter structure at the location west of secondary drainage, labeled to
show slope model units (Model Developed by Mike Evans of the University of Arkansas
Archaeological Survey).

Figure 31: Topographic Surfer Map of Shelter Floor Surface (Map developed by Jerry
Hilliard of The University of Arkansas Archaeological Survey).
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Figure 32: Map showing the location of all shovel tests in relation to Breckenridge Shelter.
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Figure 33: Soil Sample compositions. Variation in total percentages of sample both above
and below 100% are due to small errors in the grainsize analysis procedures and do not
significantly change the results of the analysis.
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S10

S19
S20

Figure 34: Transect three (from the upper eastern hillslope at Breckenridge Shelter).
Shovel test profiles and horizon layers shown exaggerated 25X in relation to their locations
along hill slope. Elevations and horizontal distance for hillslope are in relation to the datum
within Breckenridge Shelter (Position N500 E500 Z100). Soil textures indicated here are
according to soil grain size / texture analysis and field observations. Munsell soil colors
indicated here are based on both field and lab observations. Gravel size and density are not
shown here in an effort to maintain optimal clarity within the model.
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Figure 35: Transect Two (from the upper western hillslope at Breckenridge Shelter).
Shovel Test profiles and horizon layers shown exaggerated 25X in relation to their
locations along hill slope. Elevations and horizontal distance for hillslope are in relation to
the datum within Breckenridge Shelter (Position N500 E500 Z100). Soil textures indicated
here are according to soil grain size / texture analysis and field observations. Munsell soil
colors indicated here are based on both field and lab observations. Gravel size and density
are not shown here in an effort to maintain optimal clarity within the model.
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Figure 36: Transect One (from the hillslope below Breckenridge Shelter) including Shovel
Test 3. Shovel Test profiles and horizon layers shown exaggerated 25X in relation to their
locations along hill slope. Elevations and horizontal distance for hillslope are in relation to
the datum within Breckenridge Shelter (Position N500 E500 Z100). Soil textures indicated
here are according to soil grain size / texture analysis and field observations. Munsell soil
colors indicated here are based on both field and lab observations. Gravel size and density
are not shown here in an effort to maintain optimal clarity within the model.
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Figure 37: Transect one (from the hillslope below Breckenridge Shelter) excluding Shovel
Test 3. Shovel Test profiles and horizon layers shown exaggerated 25X in relation to their
locations along hill slope. Elevations and horizontal distance for hillslope are in relation to
the datum within Breckenridge Shelter (Position N500 E500 Z100). Soil textures indicated
here are according to soil grain size / texture analysis and field observations. Munsell soil
colors indicated here are based on both field and lab observations. Gravel size and density
are not shown here in an effort to maintain optimal clarity within the model.
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XII. Appendix B
Inventory of artifacts recovered during research at Breckenridge Shelter
Artifacts recovered from Shovel Tests:
A) FSN#1 (Shovel Test 1): Large amounts of debitage ranging in scale from over 1in.
(2.54cm.) to smaller than .125 in. (.3175cm.) totaling 108 individual artifacts.
These artifacts have been separated by dry screening methods using 1 in. (2.54 cm.),
.75 in. (1.905 cm.), .5 in. (1.27 cm.), .25 in. (.635 cm.), and .125 in. (.3175 cm.) mesh
into these several categories. These categories are as follows:
Group 1: Larger than 1 in. (2.54 cm),
Group 2: Smaller than 1 in. (2.54 cm) but larger than .75 in. (1.905 cm.)
Group 3: Smaller than .75 in. (1.905 cm.), but larger than .5 in. (1.27 cm.)
Group 4: Smaller than .5 in (1.27 cm), but larger than .25 in. (.635 cm.)
Group 5: Smaller than .25 in. (.635 cm.) but larger than .125 in. (.3175 cm.)
Group 1 contains three artifacts. Pictured below:
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Group 2 contains seven artifacts. Pictured below:

Group 3 contains 24 artifacts. Pictured below:
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Group 4 contains 69 artifacts. Pictured below:

Group 5 contains five artifacts. Pictured below:
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B) FSN#2 (Shovel Test 3): one flake, possible thermal shatter measuring:
Length: 23.42 mm.
Width: 14.74 mm.
Depth: 6.44 mm.
Weight: 1.8 g.
Artifact pictured below.

C) FSN#3 (Shovel Test 4): one Bi-face, possible pre-form measuring:
Length: 51.40 mm.
Width: 50.12 mm.
Depth: 11.60 mm.
Weight: 30.8g
Artifact pictured below.
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D) FSN#4 (Shovel Test 10): three flakes, and one shatter, measuring:
Flake 1:
Length: 47.35 mm.
Width: 18.94 mm.
Depth: 8.42 mm.
Weight: 5.6 g.
Artifact pictured below.

Flake 2:

Length: 21.46 mm.
Width: 19.78 mm.
Depth: 6.24 mm.
Weight: 2.2 g.
Artifact pictured below.
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Flake 3:

Length: 22.50 mm.
Width: 10.66 mm.
Depth: 6.34 mm.
Weight: 2.0 g.
Artifact pictured below.

Shatter:

Length: 23.50 mm.
Width: 10.10 mm.
Depth: 9.40 mm.
Weight: 3.6 g.
Artifact pictured below.
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E) FSN#5 (Surface find within shelter)
One Bi-face projectile point nearly complete.
Location within shelter:
Measurements:
Length: 72.4 mm.
Width: 28.2 mm.
Depth: 9.3 mm.
Artifact pictured below:

